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Abstract This paper describes a design of microstrip rectangular disk quadrature direc- 
tional couplers on the basis of a modified eigenfunction expansion method with consideration 
for frequency dependences of an effective width and an effective relative permittivity of a 
microstrip disk circuit. Using this approximate method, we can optimize a disk configuration 
of directional couplers in a reasonable computational time. The validity of the design method 
is exzlmined by comparison with the numerical results by the FDTD method. 
1. INTRODUCTION 
Directional couplers and hybrids are very 
important passive components in microwave 
and millimeter-wave circuit systems. Planar-cir- 
cuit-type quadrature hybrids in a triplate struc- 
ture have been proposed, and good characteris- 
tics have been obtained [l]. 
This pa.per presents a convenient design 
method of milxostrip-disk-type directional cou- 
plers based 011 a modified eigenfunction expan- 
sion method ,with consideration for frequency 
dependences of the effective strip width and the 
relative permittivity. 
Next, the validity of this approximate 
analysis is examined by the use of the Finite 
Difference 'Time Domain method (FDTD 
method). As a result, we can find the present 
design method to be useful for optimizing a disk 
configuration in a short time. Therefore, the ap- 
proximate design method presented here is ef- 
ficient to design directional couplers consist- 
ing of a microstrip disk. 
2. CIRCUIT CONFIGURATION AND DESIGN 
METHOD 
Fig. 1 shows the two circuit configura- 
tions to be considered. These circuits possess 
twofold symmetry with respect to the planes 
AA' and BB', and hence can be analyzed by re- 
ducing the four-port networks to four kinds of 
one-port circuits, that is, four quarter-circuits 
cut out of each four-port network along the 
Fig. 1 Circuit configurations. (a) Convex version. (b) Concave version. 
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planes AA' and BB' with a magnetic or electric 
boundary. When the reflection coefficients of the 
four one-port circuits, in other words, the eigen- 
values of the scattering matrix are denoted by si 
(i=1,2,3,4), the scattering matrix of the original 
four-port circuit is given as [2] 
k.. -................. ., 
LS41-LS3, 
1 
fo=8GHz 
-180- I 
where 
a =(s, +s, +s,+s,)/4 (24  
B =(s, +sz -s, - s 4 ) / 4  (2b) 
y =(s, -s, f S ,  -s4) /4  (2c) 
6 = (s, - 8 ,  -s, + s 4 ) / 4 .  (2d) 
In addition, the subscript i corresponds to an even 
or odd excitation with respect to the two planes, 
i.e., planes AA' and BB' are magnetic for i=l, 
AA' electric and BB' magnetic for i=2, AA' mag- 
netic and BB' electric for i=3, and AA' and BB' 
electric for i=4. 
The analysis is performed on the basis of 
the planar circuit concept. Although a Green's 
function cannot be written directly for the pla- 
nar circuit shapes in Fig. 1, those circuits can be 
decomposed into regular shapes. Therefore the 
input impedance for one-port quarter circuits are 
derive by the segmentation method [3]. These 
eigenimpedances are transformed to S-matrix 
eigenvalues in the ordinary relation between the 
input impedance Zi and the reflection coefficient 
si as follows: 
where 2, represents the characteristic impedance 
of the input/output ports. 
For a triplate-type circuit, a static approxi- 
mation is sufficient to get its accuracy charac- 
teristics [4]. On the other hand, for the micro- 
strip-type one, it is insufficient because of the 
imbalance of a circuit construction. Therefore, 
we consider a frequency-dependence of the ef- 
fective width of a strip conductor as following 
equation [5 ] ,  [6]: 
wfl ( f )  = w+ (w, 0 +)/(I + f / f,) 
f, =CO l ( 2 W J T )  (3b) 
(3a) 
where Wand Wef are a physical and a static ef- 
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fective width of the strip conductor,f, co, E, rep- 
resent frequency in GHz, light velocity, and rela- 
tive permittivity of the dielectric substrate, re- 
spectively. Furthermore, that of the effective rela- 
tive permittivity is given by [7] 
where 
E + 1  E - 1  ( l w " ) - l ' z  + E;(E,y,d) 
E & , = - + -  1+-  
2 2 
f 
fa =0.75+(1).75 - 0:332~:.~)W/d 
momc , momc e 2.32 
2.32 , mom, 2 2.32 
m = {  
+ 0.32( 1 + m)' m, = 1+-- 1 
1+,w 
1.4 
1 + -- (0.15 - 0.235e~~0A5"i ) , Wl d s 0.7 
m e = [  1 1 + W l d  
, W l d  > 0.7 (7c) 
where indicates a static effective permittiv- 
ity, and d and E, a thickness and a relative per- 
mittivity of the dielectric substrate, respectively. 
Then WE try to analyze and design a direc- 
tional couplei. by expanding a Green's function 
in terms of eigenfunctions with eqs. (3) to (7). 
In this design, E, and d are chosen as 2.53 and 
0.765 mm, respectively. As a mathematical tech- 
nique for optimization, Powell's method was 
employed [7]. Fig. 2 shows the theoretical scat- 
tering paramlzters of a coupler with an equal 
Design parameters 
a=10.95mm, b=16.54mm, T=2.57 
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Fig. 3 Theoretical magnitudes of S-param- 
eters as a function of frequency for the 
circuit shown in Fig. l(b) with a 
power-split ratio of 2. 
power-split ratio (R=(S,,/S,,(2=1) designed at a 
center frequency of 8 GHz using a convex-ver- 
sion in Fig. l(a). The relative bandwidth is about 
12.5 percent with a tolerance limit for return loss 
and isolation of 20 dB. Next we try to design 
couplers with unequal power-split ratios using 
the concave-version in Fig. l(b). Fig. 3 exhibits 
the magnitude of S-parameters of a coupler with 
R=2. We can design couplers within the power- 
split ratio of about 1 to 5 using the circuit con- 
figurations shown in Fig. 1. 
3. ANALYSIS BY FDTD METHOD 
In order to confirm the approximate analy- 
sis in the previous section, we apply the method 
of FDTD [9] to the couplers and analyze the cir- 
cuit property strictly. Fang's third order absorb- 
ing boundary conditions are used [lo]. Fig. 4 
shows the calculated S-parameters of the 3 dB 
coupler shown in Fig. 2. This result is nearly 
agreement with the above approximate analysis. 
4. CONCLUSIONS 
A simple design method of the microstrip 
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Fig. 4 Frequency characteristics of S-parameters of the coupler in Fig.2 computed 
by the FDTD method, (a) Magnitudes and (b) phase difference between S41 
and S3 1. 
rectangular disk directional couplers has been 
described on the basis of a modified eigenfunc- 
tion expansion method with consideration for fre- 
quency dependences of the effective strip width 
and the effective relative permittivity. Further- 
more, this approximate analysis has been con- 
firmed through numerical results by use of the 
FDTD method. This method enables us to sim- 
ply design microstrip-disk-type couplers in a 
short computational time. 
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